Tea (Camelia sinensis) a major cash crop in Kenya is normally grown on highly weathered and strongly acidic soils. Non-judicial use of the recommended inorganic compound fertilizer 25:5:5:5s acidifies the soil and pollutes water masses. Integrated soil fertility management, the combined use of organic and inorganic fertilizer is recommended for higher tea yield and soil health. An experiment was carried out in the Eastern Highlands of Kenya to determine the effect of different ratios and rates of enriched cattle manure on leaf nitrogen content, yield and quality of tea. Inorganic compound fertilizer 25:5:5:5s led to the highest N level in the mature leaf. Enriching organic manures with inorganic fertilizers increased the yield but reduced the quality. Tea quality parameters Theaflavins (TF) and Thearubigins decreased with increase in fertilizer rate irrespective of fertilizer type. Caffeine content however increased with increasing rate fertilizer especially in the case of inorganic compound fertilizer 25:5:5:5. Enriching organic manures with inorganic fertilizers increased the N content in the mature leaf and crop yield but reduced the quality. The study showed the beneficial effect of enriched manures in tea production.
Introduction
Tea (Camellia sinensis) contributes about 26% of the total export earnings of Kenya. The crop is grown on acidic highly weathered soils in the highlands of Kenya. Continuous harvesting (two leaves and a bud) of the crop often leads to mining of major nutrients (N, P and K) from the soil. A yield of 5000 kg made tea per hectare results in about 250 kg N, 50 kg P 2 O 5 , and 120 kg K 2 O removal from the soil (Kamau et al., 2003) . Farmers often use more than the recommended (100-200 kg N ha -1 ) fertilizer rates in a bid to increase tea yield (Owuor et al., 2002) . The practice acidifies the soils (Wanyoko, 1997) and pollutes the environment. Acidic soils have low nutrient use efficiency because of high P fixation (Owino-Gerroh, 1991) . Cattle manure, one of the recommended organic fertilizers in Kenya is however limited by the low amount and quality of resource available at farm level.
Integrated Soil Fertility Management (the combined use of organic and inorganic fertilizers) is recommended because of its ability to concurrently increase crop yield and soil health (Vanlauwe et al., 2001) . Inclusion of organic fertilizers in cropping systems is generally acknowledged because they enhance soil organic matter, preserve ecological harmony and promote biological diversity (Omare & Woomer, 2003) . The benefits of Integrated Soil Fertility Management (ISFM) have been demonstrated but the challenge is how much and in what proportions the different fertilizer types should be used. An experiment was carried out to determine the effect different rates and ratios of enriched cattle manure on leaf nitrogen content, yield and quality of tea.
Treatment Combination
The treatments were: T1: NPKS 25:5:5:5; T2: Cattle manure; T3: (T2: T1) at a ratio of 1:2; T4: (T2: T1) at a ratio of 1:4.
Each of the treatments was tested at rates 0, 75, 150 and 225 kg N ha -1 year -1 . The cattle manure was collected from farmers' fields, analyzed for chemical composition (Okalebo et al., 2002 ) standardized based on the N content and then applied to the crop (Table 1) . The experiment was set up as 4 by 4 factorial laid out in a Randomized Complete Block Design and replicated three times. Each plot had a net area of 14 by 7 bushes spaced at (1.22 by 0.61) m 2 .
Laboratory Analysis

Cattle Manure
Organic carbon was determined by wet oxidation using concentrated sulphuric and potassium dichromate and titrated against ferrous ammonium sulphate. The pH was determined using a glass electrode pH meter at a ratio of 1:2.5 manure to water (Okalebo et al., 2002) . Nitrogen was determined by the micro-Kjeldahl procedure that involved digestion with concentrated sulphuric acid at 330 o C and hydrogen peroxide as an oxidant and selenium as a catalyst. The process was followed by distillation and titration (Okalebo et al., 2002) . Extractable P was determined by the Olsen method (Okalebo et al., 2002) by placing 5 gms of manure in a plastic bottle where 100 ml 1 M ammonium acetate was added, shaken for 30 minutes, filtered and diluted 10 times. Potassium was determined by the flame photometer while Ca and Mg were determined by Atomic Absorption Spectroscopy (Mukai, Horie, & Goto, 1992) .
Leaf Nitrogen Content
Leaf analysis has been used for a long time as a nutrient status diagnostic tool in perennial crops (Owuor & Wanyoko, 1983) . Fifty mature leaves per plot were sampled and taken to the laboratory for oven drying at 105 °C for 24 hours. The oven dried leaves were milled using the ® Ramtons coffee miller and nitrogen determined using the Kjeldahl method (Okalebo et al., 2002) .
Yield Determination
Tea was plucked at 7-10 days interval and the weight per plot recorded at every plucking round. The yield was converted to kg made tea per hectare per year (kg MT ha -1 y -1 ) using the following equation: (n*a*0.225)/b.
Where: n is green leaf yield per plot, a is plant population per hectare, 0.225 is the factor converting green leaf to made tea (Owuor & Wanyoko, 1983) and b is the number of plants per plot.
Quality (Theaflavin, Thearubigins and Caffeine) Determination
Two kilograms of tea (two leaves and a bud) were plucked, withered for 22 hrs, macerated using a miniature www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 5; 2015 CTC machine, fermented at 22 o C for 90 minutes and then fired using miniature fluid bed drier (Tea craft, UK) at 120 o C for 20 minutes before lowering to 100 o C for 10 minutes to achieve a moisture content of about 3%.
Theaflavin Analysis
The Flavognost method (Hilton, 1974) was used to determine total theaflavins content. Black tea (9 gm) was added to 375 ml boiling water in a vacuum flask, shaken for 10 minutes, filtered and cooled to room temperature. The infusion (10 ml) was pipetted into a 25 ml volumetric flask where 10 ml of Isobutyl methyl ketone (IBMK) was added, shaken for 15 minutes and transferred to a test tube to allow layers to separate. The upper layer (2 ml) was pipetted into a test tube where ethanol (4 ml) and flavognost reagent (2 ml) were added and shaken for two minutes before allowing colour development for 15 minutes. Absorbance was read on a Cecil Digital ® spectrophotometer at 625 µm. Theaflavin was determined as:
Theaflavin (µmol g -1 ) = A 625nm × 47.9 × 100/DM
Where,
A is absorbance at 625 nm; 47.9 is a conversion factor attributed to dilution effect in theaflavins analysis; DM is the percent dry matter content.
Thearubigins
Total thearubigins content was determined by cooling the filtered tea infusion mixed with IBMK (Roberts & Smith, 1963) . The different layers of the mixture were separately taken and made up with methanol alone, distilled water and methanol, sodium hydrogen carbonate and methanol, distilled water, oxalic acid and methanol. The mean absorbance of the different layers were then determined (Obanda et al., 2001 ).
Caffeine
Tea (100 mg) was put into a 125 ml conical flask, 70 ml boiling water added (Ikegaya et al., 1985) and then one gramme of sodium bicarbonate was then added before filtering and cooling the mixture to room temperature. The volume was made up to 100 ml and caffeine extracted using chloroform that was later removed by a rotatory evaporator. The residue was dissolved in 25 ml of water and subjected to HPLC analysis using a JASCO UVIDEC-100-ll (Japan Spectroscopic Company Ltd., Tokyo). The caffeine content was determined at 272 nm, peak heights being read against a standard curve.
Statistical Analysis
Data collected was subjected to analysis of variance (ANOVA) using SAS version 9.0 statistical software package and means separated by Student-Newman-Keuls (SNK).
Results and Discussion
Nitrogen Content
The N content in the mature leaf of tea varied significantly with fertilizer type (Table 2) . Kamau et al. (2003) noted comparable N content in Kenya. Generally, NPKS 25.5.5.5 fertilizer had the highest N leaf content probably because of high amounts of mineralizable N. The N content of the mature leaf increased with fertilizer rate especially during season one. In season two, N content was higher especially for NPKS at 150 and 225 kg N ha -1 . The increase in N content in the mature leaf with increase in fertilizer rate has previously been reported (Kamau et al., 2003) . The low N leaf content under cattle manure is probably because it must undergo mineralization before nutrients are available for uptake (Shisanya et al., 2009 ). Enrichment level (1:2 and 1:4) did not vary in their effect on N content in mature leaf as was previously reported. Earlier studies did not find any difference in N content in the mature leaf when 25:5:5:5s and 20:10:10 fertilizers were applied (Kamau et al., 2003) .
Generally, tea is classified as deficient, when N leaf content is less than 3%, mildly deficient when it is between 3 and 3.5% and adequately supplied when beyond 3.5% (Owuor & Wanyoko, 1983 ). In the current study, N rates less than 150 kg/ha showed deficiency. This is consistent with the recommendation that at least more than 150 kg N ha -1 should be applied in this area. Note. * Means followed by the same upper case letter in a column are not significantly different from each other; ** Means followed by the same lower case letter within a row are not significantly different from each other.
Yield of Tea
The yield of tea varied significantly with fertilizer type (Table 3) . Generally, NPKS 25.5.5.5s fertilizer had the highest yield followed by enriched cattle manure and lastly cattle manure. Changing the enrichment ratio of cattle manures from 1:2 to 1:4 affected crop yield. The difference in yield is probably a result of differences in available N.
Increasing the N fertilizer rate resulted in increase in crop yield. The difference in yield was however mainly noted at higher (150 kg and 225 kg) N rates. Similar findings were reported in other experiments on different N rate in Kenya (Wanyoko, 1997; TRFK, 2002) . The increase in yield with enriched manures is probably because of improved nutrient release. The NPKS 25.5.5.5 fertilizer led to the highest yield probably because the N content is more available. Similar finding have been reported using a mixture of NPK 2:2:0 and cattle manure (Shisanya et al., 2009) . The low amounts of available N from organic manure may be responsible for the low yields (Phukan et al., 2008) . Season one had higher yield compared to season two. The annual crop yield variation observed is a common characteristic of tea where factors such temperatures, rainfall, amount of rainfall and distribution vary (Dutta et al., 2010) . Note. * Means followed by the same lower case letter in a column are not significantly different from each other; ** Means followed by the same upper case letter within a row are not significantly different from each other.
Tea Quality
Theaflavin (TF) and Thearubigins (TR)
Theaflavin is the plain black tea quality parameter responsible for the astringency (briskness) and brightness of black tea (Wright et al., 2002; Owuor et al., 2006) . Fertilizer type varied significantly in their effect on the TF content (Table 4) . Note. * Means followed by the same lower case letter in a column are not significantly different from each other; ** Means followed by the same upper case letter within a row are not significantly different from each other.
Inorganic fertilizer NPKS 25.5.5.5 had the lowest TF content. Higher N rate had significantly lower the TF levels. Increase in N rate has been noted to increase the accumulation of free amino acid but reduce production of catechins (Ruan et al., 2010) . Presence of free amino acids and catechin favour green and black tea quality respectively (Mukai et al., 1992) . The decrease in TF content was more observed with NPKS 25:5:5:5s and enriched manures. Low black tea quality has been attributed to inhibition of key enzymes involved in the assimilation of amide amino acid and ammonia (Srivastava et al., 1982) . The N in the inorganic fertilizer may have increased the accumulation of amino and fatty acids but reduced the catechins level leading to production of black tea with low TF levels. The decrease in TF levels with increase in NPK fertilizer rates has previously been noted (Owuor et al., 2011) .
Thearubigin (TR) is an important plain black tea quality parameter that contributes to colour and thickness (mouth-feel). Fertilizer type and rate did not significantly affect the TR content (Table 5) . Previous studies did not also find any effect of fertilizer type and rate on TR level (Owuor et al., 2011) . Note. * Means followed by the same lower case letter in a column are not significantly different from each other; ** Means followed by the same upper case letter within a row are not significantly different from each other.
Caffeine
Caffeine is an important plain black tea quality parameter responsible for the stimulatory effects (Owuor et al., 2011) . The caffeine content varied with fertilizer type (Table 6 ). Note. * Means followed by the same lower case letter in a column are not significantly different from each other; ** Means followed by the same upper case letter within a row are not significantly different from each other.
Cattle manure had the lowest caffeine content probably because of the lower amount of mineralizable N. Increasing the N rates of cattle manure had no effect on caffeine content. Higher caffeine content in plants supplied with ammonium compared to the nitrate N has been noted (Li et al., 2013) . Apart from cattle manure, increase in N levels beyond zero resulted in higher levels of caffeine probably because there is a critical N level that influences the caffeine content. A linear increase in caffeine content with increase in NPK 25.5.5.5 fertilizer rates up to 450 kg N ha -1 has previously been noted. The increase in caffeine content with increase in N rate has been attributed to increased N metabolism which favours the synthesis of amino acid and caffeine (Srivastava et al., 1982) .
Conclusions
Fertilizer type and rate significantly affect the yield and quality of tea. The effect of fertilizer type varied with the level of mineralizable N. Cattle manure resulted in lower tea yield and N levels, in the mature leaf. Enrichment of cattle manure resulted, higher tea yield and N in the mature leaf. The current results suggest that enriched manures can also be used instead of NPKS. The increase in fertilizer rate results in increased crop yield and N content. This implies that enriched manures can be used for sustainable tea production.
